Introduction 74
Aedes (Stegomya) albopictus, originally described by Skuse in 1894 from India, is one of the most 75 invasive mosquito species that in the last 50 years has successfully colonized most of the tropical 76 and temperate regions worldwide. In the 1970s its expansion was noticed in several islands in 77 the Indian and Pacific Oceans (namely in the Hawaiian Islands) [1] and for the first time in 78 Europe, in Albania, in 1979 [2] . In the 1980s, Ae. albopictus was reported in the Americas, 79 to Ae. albopictus, since 2007, when an outbreak of chikungunya with circa 330 suspected and 114 confirmed cases occurred in the region of Emilia Romagna in Italy [16, 17] . More recently, 115 chikungunya outbreaks have been reported in France in 2010 [18, 19], 2014 [20] , and 2017 [21], 116 and again, in Italy in 2017 [22] . Autochthonous dengue cases caused by dengue serotypes 1 and 117 2 have also been reported in 2010 in Croatia [23] and France [24] , and in France in 2013 [25], 118 2014 [26] and 2015 [27] . In 2018, 12 cases of autochthonous dengue were confirmed in the EU, 119 six in Spain (five in the region of Murcia and one in Catalonia) and six in France (five cases in 120 Saint Laurent du Var, one case in Montpellier) [28] . 121
In Portugal, a National Vector Surveillance Network-REVIVE (REde de VIgilância de VEctores)-122 is established since 2008 under the custody of the Portuguese Ministry of Health [29] . 123 Nowadays, the REVIVE network includes the General Directorate of Health (DGS), the five 124
Regional Health Administrations (ARS) (namely Algarve, Alentejo, Lisboa e Vale do Tejo, Centro 125 and Norte), the National Institute of Health Doutor Ricardo Jorge (INSA), and, in the outermost 126 regions, the Institute of Health Administration of Madeira and the Regional Health Directorate 127 of Azores. REVIVE carries out the nationwide surveillance of the most significant hematophagous 128 arthropods in public health (mosquitoes, ticks, and sandflies). Surveillance of mosquito species 129 and screening of field-collected mosquitoes for arboviruses is regularly performed. At airports, 130 substitution rates and a well-defined effective population size of one-fourth nuclear genes [34-139 36] . However, some limitations detected in COI and ND5 population studies show that the 140 variation observed may be inadequate to identify and phylogenetically link haplogroups [37] [38] [39] . 141
In a way to overcome these constrains, Battaglia et al. [40] studied sequence variation in the 142 entire coding regions of 27 mitogenomes and define five haplogroups in Asia, of which only 143 three (A1a1, A1a2, and A1b) were likely to be related to the worldwide spread of the tiger 144 mosquito. 145
In order to understand how Ae. albopictus populations recently introduced in Portugal are 146 genetically related and which is their likely route of invasion, we performed an integrative COI-147 and mitogenome-based phylogeographic analysis of mosquitoes collected in Portugal in 2017 148 and 2018 in the context of the global Ae. albopictus diversity. 149 150
Methods

151
Mosquito samples and DNA extraction 152
In order to explore the mitogenome diversity, we analyzed nine Aedes albopictus mosquitoes 153 from 12 th September to 4 th October 2017, and in 11 th July 2018 in the premises of a tyre 154 company, located in the metropolitan area of Oporto, municipality of Penafiel, and 17 Ae. 155 albopictus females in Loulé municipality, Algarve region, from 12 th July 2018 to 4 th October 2018 156 (Table 1) . All mosquito samples were collected by the national REVIVE surveillance network at 157 public and private proprieties with the respective accountable/owners knowledge and 158 permission. Samples for DNA extraction were selected individually and in pools (up to six 159 mosquitoes). All these mosquitoes were previously identified at morphological [41, 42] and 160 molecular (Osório et al. [10] , and this work for mosquitos collected in 2018) levels. Additionally, 161 7 and 60 mosquitos, collected in Algarve and Penafiel, respectively, from 26 th September to 17 th 162
October 2018 were also molecularly identified using COI gene of mitochondrial DNA using 163 primers LCO 1490 and HCO 2198 [43] , as previously described [10] . Mosquito samples collected 164 in 2018 were selected for mitogenome sequence using COI haplotype data. 165
Mosquitoes were grinded individually or in pools (up to 6 specimens) with a mortar and pestle 166 with liquid nitrogen and 500 µL of minimal essential medium supplied with 10% FBS, 167 streptomycin (0.1 mg/mL) and amphotericin B (1 mg/mL). An aliquot of 300 µL was preserved 168 at -80ºC and the remaining volume was further grinded 300 µL of Lysis Buffer (NUCLISENS® 169 easyMAG, Biomérieux), added to the homogenizer cartridge (Invitrogen) and centrifuged at 170 12,000g for 2 min to remove cellular debris and reduce lysate viscosity. Total nucleic acid 171 extraction was performed using the prepared lysate suspensions in the automated platform 172 NUCLISENS® easyMAG (Biomérieux). 173
Amplicon-based next-generation sequencing 174 Mitochondrial coding regions (1-14,893 bp) were amplified according to the protocol described 175
by Battaglia et al. [40] by the amplification of two long PCR fragments using primers 274F (5'AGC 176 TAA CTC TTG ATT AGG GGC A3') and 8875R (5'TGT TGA GGC ACC TGT TTC AG3') for coding region 177 1 (8.6 Kb), and 8415F (5'TTA AAG TCG GAG GAG CAG CT3') and 14717R (5'AAA TTT GTG CCA 178 GCT ACC GC3') for coding region 2 (6.3 Kb). Long PCRs were carried out in 50 µL reaction mixtures 179 with 1x AccuPrime™ PCR Buffer II (Invitrogen), 1 U of AccuPrime™ Taq DNA Polymerase High 180 Fidelity (Invitrogen), 0.2 µM of each primer and 10-50 ng of template DNA. PCR conditions were 181 as follows: denaturation at 94ºC for 2 min, and 35 cycles of 94ºC for 30s, 59ºC for 30 s and 68ºC 182 for 9 min, and final extension at 68ºC for 5 min. Successful amplicons were screened on a 1.5% 183 agarose gel and further purified using Agencourt AMPure XP PCR Purification kit before 184 proceeding to Nextera XT DNA Library Preparation ( For the integration of mosquitos circulating in Portugal into the global Ae. albopictus genetic 203 diversity, nucleotide consensus sequences of both COI gene and mitogenome were aligned 204 against multiple sequences available at GenBank (183 COI and 26 mitogenome sequences 205 previously reported at worldwide level; S1 and S2 Tables respectively) using MAFFT v. 7.313 [46] . 206
The obtained nucleotide alignments were manually inspected/corrected using MEGA 7.0 [47] 207 (https://www.megasoftware.net/) and further used to build approximately-maximum-208
Phylogenetic data integration and visualization was performed using GrapeTree [50] and 217
Microreact (also used for geospatial data visualization) [51] . 218
219
Results
220
COI haplotypes diversity in Portugal
221
Thirty-one mtDNA COI partial sequences from 83 Ae. albopictus mosquitoes collected in 222
Portugal were analyzed (GenBank accession numbers MF990905, MK995303-MK995332) 223
representing five haplotypes (i.e. maternal lineages) and a total of four polymorphic sites (Table  224 1). Estimated nucleotide diversity and haplotype diversity was higher in Algarve than in Oporto 225 population (π= 0.00149, Hd =0.6895 vs π= 0.00043, Hd =0.2747). 226
Analysis of partial DNA sequences from the COI gene obtained from mosquitoes collected in 227
Algarve (Southern Portugal) in 2018 confirmed the presence of three haplotypes (1, 2 and 3), 228 and allowed the detection of two new haplotypes (4 and 5) in Penafiel (Northern Portugal) in 229 2018, besides the haplotype 1 mosquito samples previously collected in this region in 2017 230 ( Table) . Using mitogenome sequences, 241 the estimated nucleotide diversity was higher in Algarve (π= 0.00052 vs π= 0.00047), but the 242 haplotype diversity was higher in Oporto Ae. albopictus population (Hd =0.8056 vs Hd =0.7500). Table) . 254
Nevertheless, besides the mitogenome-based divergence reported previously [40] , two novel 255 sequence clusters were recovered represented respectively by two sequences, PoMoF506 and 256
PoMoF607 from Algarve, and three sequences, PoMo2599 (2017, Oporto) and PoMo2711 and 257 2708 (2018, Algarve) ( Fig 2) . The sequence variation observed in the latest group, enrolling 258 similar sequences observed in the northern region in 2017, and posteriorly in the southern 259 region in 2018, may indicate a possible migration of Ae. albopictus within the country, 260 compatible with the observed mutational and temporal profiles (S3 Table) . From other perspective, the high genetic diversity perceived in our results prove the coexistence 294 of different genetic sources, thus raising the hypothesis that such population plasticity can be 295 enough to difficult eventual vector control strategies. Additionally, the detection of mosquitoes 296
in successive years since 2017 in Algarve and Penafiel points that both Ae. albopictus populations 297 seem to be already locally establish, as its presence has been reported for three consecutive 298 years. 299 Furthermore, as vector spread is a key risk factor for arbovirus transmission, with arboviruses 300 outbreaks typically occurring 5-15 years after Ae. aegypti or Ae. albopictus detection [52] , the 301 presence of Ae. albopictus in Portugal is a major public health threat, raising concern about the 302 introduction of several arboviruses in the continent to the same level as already recognized in 303 Regarding Algarve, the public health concern is thus particularly high, since this region is an 318 important tourism destination in Europe. Moreover, when considering the expected number of 319 dengue viremic air passengers arriving only from Brazil, Portugal is the third European country 320 at high risk, receiving 68 dengue-viremic travelers (closely following France and Italy that are 321 expected to receive 70 and 69 dengue-viremic travelers, respectively). In fact, this work by 322
Massada and co-authors [55] points out the high risk of arbovirus introduction and occurrence 323 of secondary autochthonous cases in Portugal, especially from Brazil. 324
In conclusion, our work, by providing an unprecedented and detailed picture of the genetic 325 diversity of Ae. albopictus detected in Portugal, highlights the importance of surveillance at 326 "hotspots" for mosquitoes introduction, as tires companies, and points of entry (borders, ports 327 and airports), as well as the eventual implementation of vector control methods by the 328 responsible authorities to prevent (new) introductions, establishments and dispersals within the 329 country. 
